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Educational disparities in U.S. adult mortality are large and have widened across birth
cohorts. We consider three policy relevant scenarios and estimate the mortality attributable
to: (1) individuals having less than a high school degree rather than a high school degree,
(2) individuals having some college rather than a baccalaureate degree, and (3) individuals
having anything less than a baccalaureate degree rather than a baccalaureate degree,
using educational disparities specific to the 1925, 1935, and 1945 cohorts.
Methods
We use the National Health Interview Survey data (1986–2004) linked to prospective mor-
tality through 2006 (N=1,008,949), and discrete-time survival models, to estimate educa-
tion- and cohort-specific mortality rates. We use those mortality rates and data on the 2010
U.S. population from the American Community Survey, to calculate annual attributable mor-
tality estimates.
Results
If adults aged 25–85 in the 2010 U.S. population experienced the educational disparities in
mortality observed in the 1945 cohort, 145,243 deaths could be attributed to individuals hav-
ing less than a high school degree rather than a high school degree, 110,068 deaths could
be attributed to individuals having some college rather than a baccalaureate degree, and
554,525 deaths could be attributed to individuals having anything less than a baccalaureate
degree rather than a baccalaureate degree. Widening educational disparities between the
1925 and 1945 cohorts result in a doubling of attributable mortality. Mortality attributable to
having less than a high school degree is proportionally similar among women and men and
among non-Hispanic blacks and whites, and is greater for cardiovascular disease than for
cancer.
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Conclusions
Mortality attributable to low education is comparable in magnitude to mortality attributable to
individuals being current rather than former smokers. Existing research suggests that a sub-
stantial part of the association between education and mortality is causal. Thus, policies
that increase education could significantly reduce adult mortality.
Introduction
Low educational attainment is a strong predictor of premature adult mortality in the U.S. and
many other countries [1–5]. In the U.S., educational disparities in mortality have been increas-
ing among more recent birth cohorts, with greater improvements in survival accruing to those
with more education [6]. Moreover, life expectancies have stagnated among those with less
than a high school education, and may even be declining among women with the least educa-
tion [7–9].
Surprisingly, the number of deaths attributable to low education in the U.S. is not well docu-
mented. Most studies on this topic examine the relative risk of death across levels of educa-
tional attainment. However, estimates of attributable mortality are critical to public health and
policy initiatives because they quantify the population-level impact of educational disparities
by considering both the relative risk of death across educational attainment and the distribu-
tion of education in the population. Three studies estimate the mortality attributable to low
education [10–12], but they fail to consider widening educational disparities in mortality across
birth cohorts, examine broad educational groups that obscure practical and policy-relevant
steps in educational attainment, do not adjust for gender or race, ignore cause of death, or use
educational attainment as recorded on death certificates, which is routinely misreported [13].
We estimate excess mortality attributable to US adults aged 25–85 who: (1) have less than a
high school degree rather than a high school degree or high school equivalency credential
(GED), (2) have some college rather than a baccalaureate degree, and (3) have any level of edu-
cation that is less than a baccalaureate degree rather than a baccalaureate degree. Maximizing
high school graduation rates and the completion of baccalaureate degrees among those who
have already entered college are viable policy targets [14]. Evidence suggests that increases at
lower levels of the educational distribution are causally linked to reductions in adult mortality
[15–17]. Further, a substantial share of adults are exposed; of those aged 25–34 in 2012, 10.7%
have not completed a high school degree or GED, and 28.5% have some college but not a bacca-
laureate degree [18]. We compare attributable mortality based on educational disparities specific
to the 1925, 1935, and 1945 birth cohorts to assess the impact of widening disparities over time.
Methods
We use the 1986–2004 waves of the National Health Interview Survey (NHIS), linked to pro-
spective mortality through 2006 in the Linked Mortality File (LMF), to estimate mortality rates
by educational attainment and birth cohort [19]. The NHIS offers annual, cross-sectional,
nationally representative surveys of non-institutionalized adults aged 18 and older and has a
response rate of 87% or higher for sampled households. The LMF includes deaths from the
National Death Index, Social Security Administration, and the Center for Medicare and Medic-
aid Services, which are probabilistically matched to individuals in the NHIS [20]. About 5.6%
of respondents in the NHIS cannot be linked to vital status due to missing information on the
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matching criteria; following National Center for Health Statistics recommendations, we
exclude them from our analyses and use survey weights to adjust for their exclusion.
We exclude individuals younger than age 25 at baseline because many are still enrolled in
school, and we exclude adults aged 85 and older because their ages are top-coded. We exclude
foreign-born adults between 1989 and 2004 because the NHIS-LMF does not indicate where
they received their education and because the National Death Index cannot capture deaths
among migrants returning to their countries of origin. The NHIS does not ascertain nativity
between 1986 and 1988, so we cannot drop foreign born adults in those waves; the share of the
U.S. adult population that was foreign born in those years was just 2.5% [21]. Our final sample
includes 468,725 males and 540,224 females, of whom 78,674 and 77,016, respectively, died
over the follow-up period.
Variables
Our outcomes include all-cause mortality, cardiovascular disease mortality (ICD-10 codes I00
through I99) and cancer mortality (ICD-10 codes C00 through C97). We use broad cause-of-
death categories to limit the impact of misclassification of underlying causes of death on death
certificates. Age at baseline is measured in quarter-years (range 25.0 to 84.75). Birth cohort is
also measured in quarter-years (range 1901.25 to 1980.5). Because we use 19 cross-sectional
waves of the NHIS, follow vital status for up to 21 years, and allow age to increase throughout
the follow-up period, the age and birth cohort variables are not perfectly collinear.
Educational attainment is coded categorically as less than a high school degree, high school
degree or GED, some college but no baccalaureate degree, baccalaureate degree, and any post-
baccalaureate education. Our variable captures key educational milestones. The NHIS ascer-
tains educational attainment as years completed prior to 1997 and as highest degree completed
in 1997 and later; we recode years of education completed in the 1986–1996 waves of data to be
consistent with the highest degree measure used in later waves. This coding strategy has been
used previously to estimate educational disparities among U.S. adults [6, 7]. Race/ethnicity is
coded categorically as non-Hispanic white, non-Hispanic black, non-Hispanic Asian/Pacific
Islander, non-Hispanic Native American, Mexican American, Puerto Rican, Cuban, and all
others. Sex is measured dichotomously.
Mortality Rates
We use a complementary log-log discrete time survival model to estimate mortality rates [22].
We create a person-period data set where each person contributes an observation for each
quarter-year that they are observed between the date of interview and the date of death (if they
died) or the date of censor (the fourth quarter of 2006, if they survived the follow-up period).
We use age as the time to event [23]. Age is time-varying in the person-period data. Although
we drop those aged 85 and older at baseline, we allow adults who survive past age 85 over the
follow-up period to continue contributing to the hazard of death. We compare models that
raised age to all combinations of two of the following exponents: 0.5, 1, 1.5, 2, 2.5, and 3 [24].
Raising age to the exponents of 2.5 and 3.0 best fit the data and recovered the patterns observed
when using 5-year dummy variables for age (not shown). We include birth cohort as a continu-
ous variable; we found no nonlinear associations between birth cohort and mortality risk.
To allow for widening mortality disparities by educational attainment over time, we include
multiplicative interaction terms between the birth cohort and educational attainment variables.
We subtract 1925 from the birth cohort variable so that the main effects of the education vari-
ables indicate educational disparities in mortality for members of the 1925 birth cohort. Our
analyses focus on mortality rates specific to the 1925, 1935, and 1945 birth cohorts; these
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cohorts contribute deaths between ages 41 and 81 over the follow-up period and allow us to
illustrate changes in attributable mortality as educational disparities in mortality have widened
in the U.S. None of the three birth cohorts contributes age-specific mortality rates for all ages
between 25 and 85, but each contributes age-specific deaths for 21 years over the follow-up
period. Consistent with earlier work [6], our models assume that educational disparities for
specific cohorts remain constant even at ages that are not observed in our data, allowing for the
estimation of mortality rates in each of the cohorts for ages 25–85. Thus, our mortality rates
incorporate both period and cohort variation [25]. We avoid consideration of more recent
cohorts because those adults are young, contribute relatively few deaths, and their educational
disparities in mortality may be estimated imprecisely. We use Stata statistical software to multi-
ply impute the 1.1% of cases that are missing on educational attainment (the only variable with
missing data) and to estimate our survival models [26]. (The S1 Appendix shows life tables cal-
culated from our estimated mortality rates to confirm the reasonableness of those rates.)
Mortality Attributable to Low Educational Attainment
To estimate mortality attributable to low educational attainment, we first calculate the number
of deaths we would expect when multiplying the estimated mortality rates (age- and sex-
specific and race-adjusted mortality rates, by educational attainment for the 1925, 1935, and
1945 birth cohorts), with the distributions of educational attainment, by age and sex, in the
2010 U.S. population. The 2010 population provides a current distribution of education among
U.S. adults, which we use to consider the impact of widening educational disparities in mortal-
ity on attributable mortality. We estimate the 2010 U.S. population from the American Com-
munity Survey (ACS) [27]. We pool the 2009, 2010, and 2011 waves of the ACS to ensure
stable estimates by education, age, sex, and race, and weight the numbers of people to the popu-
lation enumerated by the 2010 Census. We exclude foreign-born and institutionalized adults
from the ACS, just as we do with the NHIS-LMF. Next, we subtract the estimated number of
deaths when giving members of some educational groups the lower mortality rates of those
with higher levels of education.
We examine three scenarios. Scenario 1 estimates mortality attributable to individuals not
completing high school rather than completing high school or a GED. Scenario 2 estimates
mortality attributable to individuals not completing a baccalaureate degree among those who
have matriculated to college but have not completed a baccalaureate degree. Scenario 3 esti-
mates mortality attributable to individuals having any level of education that is less than a bac-
calaureate degree rather than a baccalaureate degree. We estimate all models separately by sex
given sex differences in the association between education and survival [7]. Additional analyses
separately estimate attributable mortality due to low education from cardiovascular disease
and cancer deaths, as well as all-cause attributable mortality for whites and blacks (sample sizes
for other race/ethnic groups are too small to provide stable estimates). All analyses include
sample weights and account for the complex sampling frame by treating strata in subsequent
sampling frames as though they come from different (i.e., more recent) populations [28].
Ethical Approval
This study was approved by the institutional review board at the University of Colorado Den-
ver, and we have conformed to the principles embodied in the Declaration of Helsinki.
Results
Table 1 presents means and percentages of the study variables from the NHIS-LMF by sex and
vital status. Individuals who are older, born in earlier birth cohorts, and who have lower levels
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of educational attainment are more likely to have died during the follow-up period than their
counterparts.
Table 2 presents hazard ratios from survival models and shows that among both males and
females, educational attainment has a graded, inverse association with the risk of death. For
example, compared to males with a high school degree or GED in the 1925 cohort (when
cohort equals zero), males with no high school degree have a 23% higher risk of death, males
with some college have a 6% lower risk of death, males with baccalaureate degrees have a 25%
lower risk of death, and males with post-baccalaureate education have a 33% lower risk of
death. The hazard ratio for birth cohort shows that the risk of death among males with a high
school degree or GED (the referent group for educational attainment) falls by 1% in each sub-
sequent 1-year birth cohort. Among females with a high school degree or GED, the risk of
death does not vary by birth cohort. The education by birth cohort interaction terms for both
men and women show that the risk of death in each subsequent cohort falls more rapidly
among those with more education.
Table 1. Means (Standard Deviations) and Percentages of Study Variables, By Sex and By Vital Status at the End of the Follow-Up Period, Non-
Institutionalized U.S. Born Adults Aged 25 and Older.
Men Women
Survived Died p-valuea Survived Died p-valuea
Age, mean 52.0 71.8 <0.001 53.8 75.7 <0.001
(14.5) (13.5) (15.6) (13.1)
Birth Cohort (years), mean 1947.6 1928.2 <0.001 1945.9 1924.8 <0.001
(14.7) (13.8) (15.7) (13.2)
Educational Attainment, %
No high school degree 16.8 37.1 <0.001 17.3 39.3 <0.001
High school degree or GED 35.3 32.8 39.4 37.2
Some college 21.6 15.5 22.7 14.4
Baccalaureate degree 15.1 8.1 12.7 5.6
Any post-baccalaureate 11.3 6.5 7.8 3.4
Race/Ethnicity, %
White 83.0 83.9 <0.001 81.3 83.9 <0.001
Black 10.0 11.4 11.7 11.8
Asian 1.0 0.5 1.0 0.5
Mexican American 2.8 1.8 2.7 1.5
Native American 0.7 0.7 0.7 0.6
Puerto Rican 0.5 0.3 0.6 0.3
Cuban 0.3 0.2 0.3 0.2
Other 1.7 1.2 1.8 1.3
Survival, %
Overall mortality 0.0 100.0 0.0 100.0
Cancer 27.1 24.4
Cardiovascular Disease 38.5 39.4
N (person) 390,051 78,674 463,208 77,016
N (person quarters) 21,017,629 78,674 24,858,129 77,016
Source: National Health Interview Survey-Linked Mortality File, 1986–2006.
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No high school degree 1.23*** 1.32***
(1.21,1.25) (1.29,1.34)
High school degree or GED ref. ref.
Some college 0.94*** 0.92***
(0.91,0.96) (0.90,0.95)
Baccalaureate degree 0.75*** 0.78***
(0.73,0.77) (0.76,0.81)
Any post-baccalaureate 0.67*** 0.75***
(0.65,0.70) (0.72,0.78)
Birth Cohort 0.990*** 1.001
(0.988,0.992) (0.999,1.003)
Interactions: Date of birth by
No high school degree 1.011*** 1.015***
(1.010,1.013) (1.01,1.02)
High school degree or GED ref. ref.
Some college 0.998 0.997***
(0.997,1.000) (0.995,0.998)
Baccalaureate degree 0.988*** 0.987***
(0.986,0.991) (0.985,0.990)








Mexican American 0.83*** 0.79***
(0.79,0.88) (0.73,0.86)
Native American 1.13* 1.14*
(1.01,1.27) (1.01,1.29)








Source: National Health Interview Survey-Linked Mortality File, 1986–2006.
* p < .05;
** p < .01;
*** p < .001.
doi:10.1371/journal.pone.0131809.t002
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Table 3 shows the annual mortality attributable to low educational attainment. Results for
Scenario 1 show that the annual mortality attributable to individuals having less than a high
school degree, rather than a high school degree or GED, is 68,512 (9% of adult deaths in the
25–85 age range) among males and 76,731 (12% of adult deaths in the 25–85 age range) among
females, based on educational disparities in mortality in the 1945 birth cohort. The share of
deaths attributable to individuals having less than a high school degree increases more quickly
across cohorts for females than for males due to the increasing mortality rates among low-edu-
cated females over time (see Table 2). Results for Scenario 2 show that the annual mortality
attributable to individuals having some college, rather than a baccalaureate degree, is 68,293
(9% of adult deaths in the 25–85 age range) among males and 41,776 (7% of adult deaths in the
25–85 age range) among females, based on educational disparities in mortality in the 1945
birth cohort. Results for Scenario 3 show that the annual mortality attributable to individuals
having anything less than a baccalaureate degree, rather than a baccalaureate degree, is 293,823
(37% of adult deaths in the 25–85 age range) among males, and 251,702 (39% of adult deaths
in the 25–85 age range) among females, based on educational disparities in the 1945 birth
cohort. Results for all three scenarios show that the annual attributable mortality nearly dou-
bles due to widening educational disparities in mortality between the 1925 and 1945 birth
cohorts.
Table 4 shows that the percentage of deaths attributable to low education is greater for car-
diovascular disease than for cancer. Based on educational disparities in mortality in the 1945
birth cohort, 16% of cardiovascular disease deaths among females and 9% of cardiovascular
disease deaths among males are attributable to individuals having less than a high school
degree rather than a high school degree or GED. In contrast, based on educational disparities
in mortality in the 1945 birth cohort, 7% of cancer deaths among females and males are attrib-
utable to individuals having less than a high school degree rather than a high school degree.
Table 5 shows that the percentage of deaths attributable to low education is similar for non-
Hispanic whites and non-Hispanic blacks given educational disparities in mortality in the 1945
birth cohort, and that mortality attributable to low education is increasing across cohorts for
Table 3. Annual Mortality Attributable to Low Education, Numbers and Percentages of Deaths, by Sex and Birth Cohort, Non-Institutionalized U.S.
Born Adults Aged 25 to 85 in the 2010 Population.
Men Women Total
Number % of total Number % of total Number % of total
Scenario 1: Mortality attributable to having less than a high school degree rather than a high school degree or GED.
Birth Cohort 1945 68,512 9% 76,731 12% 145,243 10%
1935 52,916 6% 52,537 8% 105,453 7%
1925 35,958 4% 31,714 5% 67,672 4%
Scenario 2: Mortality attributable to having some college rather than a baccalaureate degree
Birth Cohort 1945 68,293 9% 41,776 7% 110,068 8%
1935 61,419 7% 32,930 5% 94,350 6%
1925 50,092 5% 22,618 4% 72,710 5%
Scenario 3: Mortality attributable to having less than a baccalaureate degree rather than a baccalaureate degree
Birth Cohort 1945 293,823 37% 251,702 39% 545,525 38%
1935 255,970 29% 189,897 30% 445,867 30%
1925 203,281 21% 126,811 21% 330,092 21%
Source: National Health Interview Survey-Linked Mortality File, 1986–2006; American Community Survey 2009 to 2011.
Note: All estimates are adjusted for race/ethnicity.
doi:10.1371/journal.pone.0131809.t003
Education Attributable Mortality
PLOS ONE | DOI:10.1371/journal.pone.0131809 July 8, 2015 7 / 13
both groups. Mortality attributable to individuals having some college rather than a baccalaure-
ate degree, and to individuals having anything less than a baccalaureate degree rather than a
baccalaureate degree, is increasing more quickly across cohorts for blacks than for whites. For
example, 5% of deaths among whites but just 1% of deaths among blacks are attributable to
having some college rather than a baccalaureate degree, given educational disparities in mortal-
ity in the 1925 cohort. Given educational disparities in the 1945 birth cohort, however, the per-
centage of deaths attributable to having some college rather than a baccalaureate degree is
more similar, comprising 7% of deaths among whites and 6% of deaths among blacks.
Discussion
Higher educational attainment is inversely associated with U.S. adult mortality through mecha-
nisms including higher income and social status, enhanced cognitive development, better
adherence to medical treatments, healthier behaviors, and improved social connections and
psychological wellbeing [15, 18, 29–31]. Evidence from cohort studies that adjust for numerous
Table 4. Annual Cause Specific Mortality Attributable to Low Education, Numbers and Percentages of Deaths, by Sex and Birth Cohort, Non-Insti-
tutionalized U.S. Born Adults Aged 25 to 85 in the 2010 Population.
Men Women Total
Number % of total Number % of total Number % of total
Panel A: Cardiovascular Disease Mortality
Scenario 1: Mortality attributable to having less than a high school degree rather than a high school degree or GED.
Birth Cohort 1945 18,246 9% 22,449 16% 40,695 12%
1935 16,460 6% 18,683 11% 35,143 8%
1925 13,196 4% 13,880 7% 27,076 5%
Scenario 2: Mortality attributable to having some college rather than a baccalaureate degree
Birth Cohort 1945 18,360 9% 10,062 7% 28,422 8%
1935 18,710 7% 9,989 6% 28,699 7%
1925 16,902 5% 8,783 4% 25,685 5%
Scenario 3: Mortality attributable to having less than a baccalaureate degree rather than a baccalaureate degree
Birth Cohort 1945 81,669 39% 63,920 46% 145,589 42%
1935 82,707 31% 59,525 36% 142,232 33%
1925 76,353 22% 49,806 25% 126,159 23%
Panel B: Cancer Mortality
Scenario 1: Mortality attributable to having less than a high school degree rather than a high school degree or GED.
Birth Cohort 1945 15,087 7% 12,223 7% 27,311 7%
1935 11,797 5% 7,728 4% 19,526 5%
1925 8,146 3% 3,500 2% 11,646 3%
Scenario 2: Mortality attributable to having some college rather than a baccalaureate degree
Birth Cohort 1945 13,941 7% 9,752 5% 23,694 6%
1935 14,049 6% 6,847 4% 20,896 5%
1925 13,678 5% 3,150 2% 16,828 4%
Scenario 3: Mortality attributable to having less than a baccalaureate degree rather than a baccalaureate degree
Birth Cohort 1945 66,198 32% 48,584 27% 114,782 30%
1935 58,763 25% 34,048 18% 92,810 22%
1925 48,246 18% 17,338 9% 65,584 14%
Source: National Health Interview Survey-Linked Mortality File, 1986–2006; American Community Survey 2009 to 2011.
Note: All estimates are adjusted for race/ethnicity.
doi:10.1371/journal.pone.0131809.t004
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confounders (e.g., intelligence, early life conditions) and from natural experiments consistently
show strong associations between educational attainment and mortality, which suggests that a
substantial part of the association between education and mortality is causal [15–17]. This may
especially be true at lower levels of the educational distribution; some research finds a stronger
inverse association between educational attainment and adult mortality after accounting for
the nonrandom selection of individuals into higher levels of education [17], suggesting that
individuals who are less likely to select into additional education benefit more than those who
are already likely to earn high school or college degrees. Thus, Healthy People 2020 sets targets
for increasing the proportion of students who graduate with regular diplomas four years after
starting 9th grade, and for increasing the proportion of adults aged 18–24 who complete a high
school education [14].
Our findings suggest that meeting the Healthy People 2020 goals could have a substantial
impact on future U.S. survival patterns. The estimated 145,243 deaths in 2010 attributable to
individuals having less than a high school degree rather than a high school degree or GED,
Table 5. Annual Race-Specific Mortality Attributable to Low Education, Numbers and Percentages of Deaths, by Sex and Birth Cohort, Non-Institu-
tionalized U.S. Born Adults Aged 25 to 85 in the 2010 Population.
Men Women Total
Number % of total Number % of total Number % of total
Panel A: Non-Hispanic Whites
Scenario 1: Mortality attributable to having less than a high school degree rather than a high school degree or GED.
Birth Cohort 1945 46,744 8% 61,073 12% 107,817 10%
1935 37,016 6% 41,516 8% 78,532 7%
1925 26,494 4% 24,914 5% 51,408 4%
Scenario 2: Mortality attributable to having some college rather than a baccalaureate degree
Birth Cohort 1945 50,030 9% 32,539 6% 82,569 7%
1935 45,236 7% 26,182 5% 71,419 6%
1925 37,442 5% 18,899 4% 56,341 5%
Scenario 3: Mortality attributable to having less than a baccalaureate degree rather than a baccalaureate degree
Birth Cohort 1945 207,154 36% 200,682 38% 407,836 37%
1935 182,151 28% 152,926 30% 335,077 29%
1925 147,502 21% 105,204 21% 252,707 21%
Panel B: Non-Hispanic Blacks
Scenario 1: Mortality attributable to having less than a high school degree rather than a high school degree or GED.
Birth Cohort 1945 9,951 10% 11,159 12% 21,111 11%
1935 7,502 7% 8,269 9% 15,771 8%
1925 4,710 4% 5,545 6% 10,256 5%
Scenario 2: Mortality attributable to having some college rather than a baccalaureate degree
Birth Cohort 1945 5,686 6% 6,153 7% 11,839 6%
1935 3,545 3% 4,314 5% 7,859 4%
1925 385 0.3% 2,035 2% 2,421 1%
Scenario 3: Mortality attributable to having less than a baccalaureate degree rather than a baccalaureate degree
Birth Cohort 1945 31,723 32% 35,083 38% 66,805 35%
1935 22,935 21% 25,588 28% 48,523 24%
1925 10,622 9% 14,850 16% 25,472 12%
Source: National Health Interview Survey-Linked Mortality File, 1986–2006; American Community Survey 2009 to 2011.
Note: All estimates are adjusted for race/ethnicity.
doi:10.1371/journal.pone.0131809.t005
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based on educational disparities in mortality in the 1945 birth cohort, is comparable to the esti-
mated number of deaths that could be averted if all current smokers had the mortality rates of
former smokers [32]. Our estimates of the mortality attributable to individuals having less than
a high school degree are smaller than the 245,000 deaths estimated by Galea et al. [11] because
they combine those with high school degrees with those who have a college education, which
overstates the survival benefits of simply finishing high school. Woolf et al. [10] estimate that a
more modest 71,000 deaths are attributed to individuals having less than a high school degree,
but they use educational attainment from death certificates which is routinely misreported
[10]. Jemal et al.[12] do not present findings for mortality attributable to individuals having
less than a high school degree.
We estimate that completion of baccalaureate degrees among those with some college edu-
cation is associated with 110,068 fewer deaths per year in the 25–85 age range, given educa-
tional disparities in mortality in the 1945 birth cohort. Some adults who would benefit from a
baccalaureate degree may not complete college due to limited economic resources or because
they are unaware of the benefits for both health and earnings [15]. We also find that 545,525
deaths per year among adults aged 25–85 are attributable to individuals having anything less
than a baccalaureate degree rather than a baccalaureate degree. This upper-bound estimate
may be implausible if individuals who have not enrolled in college lack adequate academic
preparation or have little interest in pursuing a college degree—even if they might receive
health and economic benefits from completing a baccalaureate degree.
The magnitude of widening educational disparities in mortality is substantial, although
prior studies of attributable mortality have ignored those trends [10–12]. Increasing educa-
tional disparities in mortality across cohorts result from a variety of changes disproportionately
benefitting those with more education, including improved labor market outcomes, reduced
incidence of medical conditions, better outcomes among those with acute and chronic disease,
and greater reductions in smoking [30, 33, 34]. The percentage of all-cause mortality attribut-
able to having less than a high school degree rather than a high school degree or GED doubles
among both men and women when considering educational disparities in mortality in the
1945 cohort rather than the 1925 cohort. Maximizing high school graduation rates are espe-
cially crucial given the falling life expectancies among women with the least education [7].
Deaths from cardiovascular disease play a greater role than deaths from cancer in widening
educational disparities in mortality, likely due to greater improvements in the prevention and
treatment of cardiovascular disease over time among those with more education [30]. The
share of all-cause mortality attributable to individuals having some college rather than a bacca-
laureate degree increases more rapidly among blacks than among whites across cohorts, reflect-
ing faster declines in all-cause mortality among blacks with baccalaureate degrees rather than
some college, than among whites [18, 33].
There are limitations of our analyses. As with all attributable mortality calculations, includ-
ing those for other exposures such as smoking, our estimates may be inflated because our data
lack information on all confounders that could potentially influence the exposure-mortality
association. Potential confounders include childhood health, cognitive ability, genetic predis-
positions, and childhood socioeconomic conditions such as living with low-educated, unmar-
ried, or impoverished parents in early life. At present, no available data allow us to incorporate
all potential confounders. Further, the association between educational attainment and U.S.
adult mortality has been robust to inclusion of such confounders when available, suggesting
that their inclusion would not fundamentally alter our findings [15, 35, 36]. Our data allow us
to adjust for race/ethnicity, stratify by gender, estimate the association between education and
mortality across birth cohorts, and ascertain education at baseline rather than from death cer-
tificates—characteristics that allow us to advance beyond prior estimates of mortality
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attributable to low educational attainment. Alternately, our estimates of attributable mortality
may be conservative because we exclude deaths among those who are older than age 85, foreign
born, or who live in institutions. Finally, our measure of educational attainment does not
account for variation in the quality of schooling across time and geographic areas.
Given that over 10 percent of U.S. adults aged 25–34 have less than a high school degree or
GED, and 28.5% have some college but not a baccalaureate degree, there remains much room
for improvement with regard to U.S. educational attainment [18]. Our results suggest that poli-
cies and interventions that improve educational attainment could substantially improve sur-
vival in the U.S. population, especially given widening educational disparities across birth
cohorts. The magnitude of our estimates confirms the importance of considering education
policy as a key element of US health policy [37, 38], and a major concern for current and future
physicians [39]. Medical and policy research will benefit from renewed attention to the popula-
tion-level impact of educational disparities in mortality and the potential for even greater sur-
vival inequality in the future.
Supporting Information
S1 Appendix. Life Tables Calculated from our Estimated Mortality Rates.
(PDF)
Acknowledgments
We acknowledge the National Center for Health Statistics, the U.S. Census Bureau, and the
Integrated Public Use Microdata Seires at the Minnesota Population Center for collecting and
archiving the data used in this manuscript.
Author Contributions
Analyzed the data: PMKMKT. Wrote the paper: PMKMKT RAH VWC. Conceived the study:
PMK RAH VWC.
References
1. Lantz PM, House JS, Lepkowski JM, Williams DR, Mero RP, Chen J. Socioeconomic factors, health
behaviors, and mortality: results from a nationally representative prospective study of U.S. adults. J Am
Med Assoc. 1998; 279:1703–8.
2. Mackenbach JP, Stirbu I, Roskam A-JR, SchaapMM, Menvielle G, Leinsalu M, et al. Socioeconomic
inequalities in health in 22 European countries. N Engl J Med. 2008; 358(23):2468–81. doi: 10.1056/
NEJMsa0707519 PMID: 18525043.
3. Rogers RG, Everett BG, Zajacova A, Hummer RA. Educational degrees and adult mortality risk in the
United States. Biodemography Soc Biol. 2010; 56(1):80–99. doi: 10.1080/19485561003727372 PMID:
20589989
4. WongMD, Shapiro MF, Boscardin WJ, Ettner SL. Contribution of major diseases to disparities in mor-
tality. N Engl J Med. 2002; 347(20):1585–92. doi: 10.1056/NEJMsa012979 PMID: 12432046.
5. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in the United States, 2000. J
AmMed Assoc. 2004; 291(10):1238–45.
6. Masters RK, Hummer RA, Powers DA. Educational differences in U.S. adult mortality: a cohort per-
spective. Am Sociol Rev. 2012; 77:548–72. PMID: 25346542
7. Montez JK, Hummer RA, Hayward MD, Woo H, Rogers RG. Trends in the educational gradient of US
adult mortality from 1986 through 2006 by race, gender, and age group. Res Aging. 2011; 33(2):
145–71. PMID: 21897495
8. Meara ER, Richards S, Cutler DM. The gap gets bigger: changes in mortality and life expectancy, by
education, 1981–2000. Health Aff (Millwood). 2008; 27(2):350–60.
Education Attributable Mortality
PLOS ONE | DOI:10.1371/journal.pone.0131809 July 8, 2015 11 / 13
9. Olshansky SJ, Antonucci T, Berkman L, Binstock RH, Boersch-Supan A, Cacioppo JT, et al. Differ-
ences in life expectancy due to race and educational differences are widening, and many may not
catch up. Health Aff (Millwood). 2012; 31(8):1803–13. doi: 10.1377/hlthaff.2011.0746
10. Woolf SH, Johnson RE, Phillips RL Jr, Philipsen M. Giving everyone the health of the educated: an
examination of whether social change would save more lives than medical advances. Am J Public
Health. 2007; 97(4):679–83. PMID: 17329654
11. Galea S, Tracy M, Hoggatt KJ, DiMaggio C, Karpati A. Estimated deaths attributable to social factors in
the United States. Am J Public Health. 2011; 101(8):1456–65. doi: 10.2105/AJPH.2010.300086 PMID:
21680937
12. Jemal A, Thun MJ, Ward EE, Henley J, Cokkinides VE, Murray TE. Mortality from leading causes by
education and race in the United States, 2001. Am J Prev Med. 2008; 34(1):1–8. PMID: 18083444
13. Rostron BL, Boies JL, Arias E. Education reporting and classification on death certificates in the United
States: US Department of Health and Human Services, Centers for Disease Control and Prevention,
National Center for Health Statistics; 2010.
14. U.S. Department of Health and Human Services. Office of Disese Prevention and Health Promotion.
Healthy People 2020. Washington, DC: http://www.healthypeople.gov/2020/; 2013.
15. Cutler DM, Lleras-Muney A. Education and health: Evaluating theories and evidence. In: Schoeni RF,
editor. Making Americans healthier: Social and economic policy as health policy: Russell Sage Foun-
dation; 2008.
16. Kawachi I, Adler NE, DowWH. Money, schooling, and health: Mechanisms and causal evidence. Ann
N Y Acad Sci. 2010; 1186(1):56–68. doi: 10.1111/j.1749-6632.2009.05340.x
17. Lleras-Muney A. The relationship between education and adult mortality in the United States. Review
of Economic Studies. 2005; 72:189–221.
18. Hummer RA, Hernandez EM. The effect of educational attainment on adult mortality in the United
States. Popul Bull. 2013; 68(1). PMID: 25995521
19. National Center for Health Statistics. National Health Interview Survey (1986–2004) Linked Mortality
Files. Hyattsville, MD: US Department of Health and Human Services; 2010.
20. Lochner K, Hummer R, Cox C. Comparative analysis of the public-use and restricted-use NHIS linked
mortality files. Hyattsville, MD: National Center for Health Statistics; 2007.
21. Bureau of the Census. Statistical Abstract of the United States: 1988 ( 108th edition). Washington,
DC1987.
22. Powers DA, Zie Y. Statistical methods for categorical data analysis: Academic Press; 1999.
23. Korn EL, Graubard BI, Midthune D. Time-to-event analysis of longitudinal follow-up of a survey: choice
of the time-scale. Am J Epidemiol. 1997; 145:72–80. PMID: 8982025
24. Greenland S. Dose-response and trend analysis in epidemiology: alternatives to categorical analysis.
Epidemiology. 1995; 6:356–65. PMID: 7548341
25. Preston SH, Heuveline P, Guillot M. Demography: measuring and modeling population processes.
Malden, MA: Blackwell; 2001.
26. StataCorp. Stata: Release 13. Statistical Software. College Station, TX: StataCorp LP; 2013.
27. Ruggles S, Alexander JT, Genadek K, Goeken R, Schroeder MB, Sobek M. Integrated public use
microdata series: version 5.0 [machine-readable database]. Minneapolis, MN: Minnesota Population
Center; 2010.
28. Korn EL, Graubard BI. Analysis of health surveys. New York: Wiley; 1999.
29. Baker DP, Leon J, Smith Greenaway EG, Collins J, Movit M. The education effect on population health:
A reassessment. Population and Development Review. 2011; 37(2):307–32. doi: 10.1111/j.1728-4457.
2011.00412.x PMID: 21984851
30. Goldman D, Smith JP. The increasing value of education to health. Soc Sci Med. 2011; 72(10):
1728–37. doi: 10.1016/j.socscimed.2011.02.047 PMID: 21555176
31. Pampel FC, Krueger PM, Denney JT. Socioeconomic disparities in health behaviors. Annual Review of
Sociology. 2010; 36:349–70. PMID: 21909182
32. Rogers RG, Hummer RA, Krueger PM, Pampel FC. Mortality attributable to cigarette smoking in the
United States. Population and Development Review. 2005; 31:259–92. PMID: 25035524
33. Hout M. Social and economic returns to college education in the United States. Annu Rev Sociol. 2012;
38:379–400.
34. Pampel FC. Diffusion, cohort change, and social patterns of smoking. Soc Sci Res. 2004; 34:117–39.
Education Attributable Mortality
PLOS ONE | DOI:10.1371/journal.pone.0131809 July 8, 2015 12 / 13
35. Link BG, Phelan JC, Miech R, Westin EL. The resources that matter: fundamental social causes of
health disparities and the challenge of intelligence. J Health Soc Behav. 2008; 49(1):72–91. PMID:
18418986
36. Montez JK, Hayward MD. Cumulative early-life adversity, educational attainment, and active life expec-
tancy among U.S. adults. Demography. 2014;(forthcoming).
37. Isaacs SL, Schroeder SA. Class—the ignored determinant of the nation's health. N Engl J Med. 2004;
351(11):1137–42. PMID: 15356313
38. Deaton A. Policy implications of the gradient of health and wealth. Health Aff (Millwood). 2002; 21(2):
13–30.
39. Kirch DG. The new 2015 MCAT testing competencies. J AmMed Assoc. 2013; 310(21):2243–4.
Education Attributable Mortality
PLOS ONE | DOI:10.1371/journal.pone.0131809 July 8, 2015 13 / 13
